Purpose: The current study was designed to analyze the clinical spectrum of Psychogenic non-epileptic seizures (PNES) in children. Methods: Children aged 6-16years with clinically suspected PNES, confirmed by short-term VEEG (STVEEG{video electroencephalogram}) and induction were classified as per Seneviratne classification. Stressors, associated co morbidities, Verbal IQ (Intelligence Quotient) and behavioral abnormalities were assessed using HTP(House tree person) test, DSM IV (Diagnostic and statistical manual of mental disorders) TR criteria, MISIC (Malin intelligence scale for Indian children) and CBCL (Child behaviour checklist). Results: Eighty children with PNES {45 boys; mean age: 10.5 (AE1.6) years} were enrolled. Median delay in diagnosis was 5 months {IQR(interquartile range)-0.5 to 48 months}) and 45% patients were already on AEDs (antiepileptic drugs). Commonest semiology was dialeptic (42.5%), followed by mixed (28.8%), motor (15%) and nonepileptic aura (13.8%). Family stressors were the commonest followed by school related issues. The most common psychiatric comorbidity was adjustment disorder. Somatic complaints were observed in 50% children. Conclusions: Dialeptic PNES is commonest in children. In resource constrained settings, STVEEG along with induction is a reliable method to diagnose PNES. A comprehensive assessment protocol (including assessment of stressors) is needed for holistic management of pediatric PNES.
Introduction
Psychogenic non epileptic seizures (PNES) are paroxysms of altered movement or behaviour, resembling epileptic seizure, with underlying psychogenic basis, but without concurrent electroencephalographic abnormalities [1] . Distinction between epileptic seizures and PNES is challenging but essential. Several terminologies have been used to describe these non epileptic events but "Psychogenic non epileptic seizures (PNES)" is preferable as it indicates the non epileptic nature of these paroxysms.
The prevalence of PNES has been estimated to be 2-33/100,000 [2] . It is presumed that the prevalence of PNES in children is lower than that in adults [3] but there is lack of population based data on pediatric PNES. Although no formal guidelines exist for diagnosing PNES in children, specific history and semiological characteristics are thought to be predictive [4] .
Some studies have tried to classify PNES in adults [5] [6] [7] with a study using machine learning approach by artificial neural network (ANN) [8] . The latter study showed that the ANN classified PNES in the same way as visual examination in 86.7%. Very few studies have addressed this issue in a pediatric cohort [9] [10] [11] [12] . There is dearth of studies focusing on psychological perspective of pediatric PNES. Unlike adults, associated stressors, psychiatric and organic co morbidities are not well defined in children and they lack uniformity in the tools or questionnaires used for identification.
Literature reveals that rhythmic motor PNES are common in adults while dialeptic PNES are the commonest semiological type in young children [5, 10, 13] . Anxiety and depression are commonly identified psychiatric co-morbidities in adults while studies evaluating this aspect in children are limited. Among 44 children with PNES (with or without epilepsy), underlying psychiatric diagnosis was conversion disorder (77.4%) with co-morbid medical and psychiatric disorders such as Intellectual disability, specific learning disability and depression in 50% [14] . Patients with pediatric PNES were found to have a significant somato-psychiatric and adversity component to their illness [15] . Sawchuk et al reported that prevalence of internalizing behaviours was around 39% in affected children [16] .
The current study provides a detailed analysis of childhood PNES in terms of semiology, and associated social, behavioral and intellectual co-morbidities. An attempt was made to identify relationship between semiology and psychological stressors which may have therapeutic implications.
Methods
This observational study was conducted at a tertiary care teaching hospital of North India over a 2 year period after approval from the Institute Ethics Committee (IESC/T-265 & RT-50). Written informed consent was obtained from guardians of all enrolled subjects.
Primary and secondary objectives
Primary objective was to study the clinical spectrum of PNES and determine proportion of its different semiological types in children aged 6-16 years. Secondary objective was to assess precipitating factors or stressors, associated co-morbidities, Intelligence Quotient (Verbal) and behavioral problems in the study population.
Children (aged 6-16 years) with clinically suspected PNES with at least one episode within preceding 3 months were enrolled, while those with previously appropriately diagnosed epilepsy or movement disorders were excluded. Clinical suspicion was based on suggestive history and clinical examination with presence of three or more of following characteristics [9] .
History of stressors or specific triggers Events with gradual onset and fluctuating semiology Occurrence of events in presence of observer Motor manifestations atypical for epileptic seizures eg. bizarre movements Prolonged duration of event without associated post event loss of consciousness Persistence despite treatment with antiepileptic medication Suggestibility
Sample size calculation
All suspected cases of Pediatric PNES fulfilling inclusion and exclusion criteria with consenting guardians presenting during the study period were included in the study.
Detailed methodology

Baseline data
Demographic details, age at diagnosis, delay in diagnosis, history of antiepileptic drug intake, family history of seizures and psychiatric disorders were recorded.
Video EEG recording and semiological analysis
Short term Video EEG (vEEG) recording (2-4 h) was done using Nicolet one system (NicVue software 2.9.1-VIASYS healthcare) as per standard protocol with scalp electrode in accordance with 10-20 international electrode system. In case of failure of spontaneous occurrence of event within one hour of vEEG recording, induction protocols were used in a sequential manner; verbal suggestion followed by placement of a tuning fork followed by body part compression (with hand to induce the event without eliciting pain or discomfort).
The PNES were identified in vEEG [5] as 1) Event without concurrent cortical discharges, 2) Sudden onset of completely obscured EEG with mixture of movement and muscle artifacts, 3) No post event slowing or suppression of background.
All vEEG recorded events were first confirmed as habitual by guardians, later analyzed and classified as per Seneviratne classification [5] and PNES analysis proforma (based on PNES rating scale) [18] . Clinical descriptors of semiology e.g. time for induction, duration of each event, ictal eye closure, localization of motor events with duration were objectively recorded. Pupillary reflexes, menace reflex and hand over face test (in unresponsive patients) were used to aid in diagnosis of PNES [19] .
For simplicity, predominant semiology was categorized as motor, dialeptic and non epileptic auras; [8] these 3 groups were compared in terms of stressors, co morbid illnesses, verbal IQ and behavioral problems.
Psychological analysis
Psychological stressors were identified based on history and House tree person test (HTP) [20] . The HTP test is a projective personality test in which test taker responds to ambiguous, abstract, or unstructured stimuli in the form of drawings. Each patient was asked to draw a house, a tree and a person on 3 separate papers without any time constraint following which, he or she was asked questions (provided with test) related to drawings in order to reveal hidden stressors. Guardians were separately interviewed and drawings were later analyzed using an interpretative checklist.
Associated medical co morbidities were assessed based on history and physical examination. Based on DSM IV TR criteria [21] , relevant psychiatric co morbidities were identified. Patients were screened for psychiatric disorders (Mood disorder, Panic disorder, Generalised anxiety disorder, Oppositional/defiant disorder, Adjustment disorder, Separation anxiety disorder, Posttraumatic stress disorder) using DSM-IV TR criteria in consultation with a psychiatrist. Verbal IQ was assessed using Malin's Intelligence Scale for Indian Children [22] , which is an Indian adaptation of Wechsler intelligence scale for children. Behavioral problems were documented using the caregiver's ratings on the Childhood Behaviour Check list (CBCL) [23] . Narrow band behaviour problems (attention problems, aggressiveness, delinquent behaviour, withdrawn, somatic complaint, anxiety, depression, thought problems and social problems) were assessed. Problems in each domain were further labelled as borderline and clinical range.
All patients were appropriately advised management for co morbidities.
Statistical analysis
Data were collected on a predesigned structured proforma and managed on Microsoft Excel spread sheet. The data were analyzed using Stata 12 software (Stata Corp LP, College Station, TX 7745, USA). The baseline data was described as mean AE SD. The prevalence of different semiological types was calculated along with the 95% confidence intervals. Chi square test and fisher exact test were used to assess the association between categorical variables where applicable. Independent t-test was used for comparing categorical and continuous variables. ANOVA was used for comparing more than two categories with continuous variables.
Results
Patients
During the study period, 1987 patients presented with paroxysmal events. Among 94 patients with clinically suspected PNES, five had appropriately diagnosed epilepsy; hence were excluded. Video EEG recording (done for 89 patients) excluded another nine patients due to induction failure. Therefore, analysis of video EEG records and administration of questionnaires were done for 80 patients (Fig. 1) . Demographic characteristics of the cohort are described in Table 1 .
Primary objective-semiological analysis
Spontaneous events (occurring within an hour of video EEG recording) were observed in 5.6% (5/89) patients while induction techniques were used in rest. Events recorded during video EEG were categorized into 6 categories based on Seneviratne classification (Table 2a) . Commonest semiology was dialeptic, seen in 42.5% (34/80) patients, followed by mixed in 28.8% patients (23/80). Among motor events, commonest was rhythmic motor followed by complex motor. Across most age ranges, the commonest semiology noted was dialeptic, except for 6-7 years age group. However this age group only included 3 children, so no definitive conclusion can be drawn.
Most events were abrupt in onset with median duration of 180 s (range-11-1500 s). Ictal eye closure was seen in two third of patients. Back arching and pelvic thrusting (typical of adult PNES) were seen in 7 (8.8%) and 4 (5%) patients respectively. Frothing and tongue bite (typical of true seizures) were observed in 2 and 1 subject respectively. The semiological descriptors of PNEE has been summarised in Table 2b ).
EEG observations
None of the EEG records showed epileptiform discharges. Different EEG patterns were observed which started and ended abruptly with the event. During dialeptic events and 'aura', the EEG remained grossly unchanged while motor events were associated with movement and muscle artifacts.
Secondary objectives
3.3.1. Stressors, associated co morbidities and behavioral problems in children with PNES Family stressors were most common, seen in 48.8% patients followed by school stressors and problems with self in 21% and 16% patients respectively (Table 3) . No obvious stressor was found in 13.8% patients. The interpretation of HTP test has been tabulated (Table 4) .
Psychiatric and medical co morbidities were observed in 11/80 (13.8%) and 6/80 (7.5%) cases respectively. Commonest psychiatric co morbidity was adjustment disorder followed by depression and panic disorder (Table 5) . Medical co morbidities observed were bronchial asthma, primary nocturnal enuresis, acute intermittent porphyria and Hemolytic Uremic Syndrome.
Based on CBCL, children with PNES had associated somatic complaints in borderline (45%) and clinical range (6.2%). Other common behavioral abnormalities as per caregiver interview were withdrawn depressed behaviour (13.7%) and anxious depressed behaviour (12.5%). Most abnormalities were in borderline range. Verbal IQ in children with PNES, as assessed by MISIC, across all age groups was normal (Mean-100.7 AE 8.1)
Factors associated with different semiological types and stressors
There was no significant difference in age distribution of patients with different semiology (p = 1). It was found that motor events were more commonly seen in boys (p = 0.01). There was no statistically significant difference in age, and gender distribution of patients with different stressors (p = 0.3 for both). There was no significant association of different semiological types with stressors, verbal IQ and co morbidities (p = 0.3, 0.5 and 0.7 respectively).
Discussion
Pediatric PNES is a relatively common indication for referral to tertiary care centres.
In this study, children with PNES were evaluated in order to estimate the prevalence of different semiological types, associated stressors, behavioral abnormalities and co morbidities. The present study reveals higher prevalence of dialeptic and mixed semiology. There are wide variations in the prevalence of different semiological types of PNES; most common semiology described in adults is rhythmic motor while that in children is dialeptic [5-8, 10-13,24,25] . This heterogeneity among studies is because of variability in methodology, different populations studied, variable nature of study À prospective or retrospective, inter observer variation, co existent epilepsy and different available semiological classifications. Possible explanation for difference in semiologies in adults and children is that motor events are difficult to execute and may rely on past history of witnessing an event, although this hypothesis is speculative.
Five children with focal epilepsy (2/5) and frontal lobe semiology (3/5), initially suspected to be PNEE, were found to have epilepsy after detailed evaluation. These children were in preteen age group and had recent onset of events which were suggestible. This is in concordance with previous studies where frontal seizures were found to be prevalent in patients with PNES who had concomitant epilepsy as compared to temporal seizures [26] .
The mean age at diagnosis of PNES in children in this study was 10.5 AE 1.6 years which is comparable to previous studies [12] . In 6-11 year age group, there was male preponderance (60.7%) while in adolescent age group, girls outnumbered boys (57.8%). In the present study, most subjects belonged to 6-11 year age group, so overall there was male preponderance. This contrasts the female preponderance which has been previously reported in adult studies. However, in a study by Patel et al, in pediatric population, female preponderance has been reported in adolescent age group [10] . The median duration of lag in diagnosis was 5 months (IQR-0.5 to 48 months) which is less than reports in previous studies [27] . Early referral to a tertiary care center may be a possible reason for this difference.
There was history of antiepileptic drugs (AED) intake prior to diagnosis in 45% patients suggestive of misdiagnosis. This is in accordance with previous studies where unwarranted AED intake was seen in 35% to 75% patients [12] . Thus, early diagnosis and appropriate management will help in avoiding unnecessary AED intake, thereby preventing associated adverse effects, poor scholastic performance and school absenteeism.
Unlike previous studies [11, 12] , only 5.6% of events were spontaneous. This was possibly because of short term video EEG monitoring, as this was a time bound study being done in resource constrained settings. The current study highlights utility of induction protocols. Induction techniques have been well described in literature [28] . In resource poor setting, without video EEG monitoring, these techniques may be helpful in induction of a habitual event and semiological characterization. This study also opens discussion for comparison between different induction techniques. Failure of induction protocols was observed in 10.7% patients who were excluded from study.
Most common semiology observed was dialeptic in 42.5% of subjects followed by mixed (28.8%). Among the motor events, most common were rhythmic motor followed by complex motor. This went hand in hand with Szabo cohort with dialeptic being the commonest semiology followed by 'aura'. In the Dhiman cohort [12] , most were unclassified (probably having mixed semiology). Previous studies have shown a fewer number of patients constituting the mixed category which may be due to inadequate recognition of the chief semiologic patterns (Table 2a ). In the current study, mixed events were classified based on predominant semiology (duration based). Most mixed events were predominantly complex motor followed by dialeptic. It was observed that motor events were more common in boys. Most events were abrupt in onset which was in agreement with previous studies [13] . Ictal eye closure was seen in 68.8% of patients. Ictal eye closure has been reported to have a sensitivity of upto 58% and specificity of 80% for the diagnosis of PNES. Negative emotions were seen in around 17% patients. Negative emotional signs like weeping, moaning, screaming have been considered an important marker of childhood PNES. Back arching and pelvic thrusting, typical of adult PNES, was observed in 8.8 and 5% patients only [29] . Tongue bite and frothing, typical of true seizures, were also observed in about 2% patients. Identification of stressors for pediatric PNES is less frequently undertaken but have important therapeutic and outcome related implications. It has been observed that adult PNES is precipitated by stressors like physical or sexual abuse, which have been infrequently reported with pediatric PNES [10] . Moreover, stressors are expected to vary depending on environmental and socioeconomic milieu. This study attempted to recognize common stressors based on history and projective personality test (HTP test). Family stressors (most common being familial discord), seen in 48.8% patients, were observed to be most common. This correlated with study by Patel et al in which prevalence of familial discord as a stressor was reported in 42% patients [10] . School related stressors were seen in 21.2% patients in the current study. In previous studies, school difficulties and physical abuse have been reported frequently in adolescents [4, 10, 15, 17] . Since the predominant cohort here was 6-11 year age group, there was low prevalence of school stressors in present study. Self related problems like low self esteem and body image issues were seen in around 15% participants. Observations made from house tree person drawings revealed traits like dependency, withdrawal, self pre occupation and need for warmth. Hence, House Tree Person test provided a semi objective assessment of stressors in affected children while previous studies assessed stressors subjectively [4, 10, 15] .
Psychiatric co morbidities were observed in 13.8% patients while medical co morbidities were seen in 7.5% patients. Medical co morbidities indicate that chronic illness induced stress predispose to PNES. Among psychiatric co morbidities, most common was adjustment disorder (8.8%) followed by depression (2.5%) and panic disorder (2.5%). This was contrary to adult studies where anxiety and depression were most common associated psychiatric co morbidities. Previous pediatric studies have reported conflicting results [10, 14, 16, 25] . Mood disorders and anxiety disorders have been associated in varying numbers. In a study by Yi et al., the most common psychiatric co morbidity was depressive disorder (36%) followed by ADHD (28%), anxiety (12%) and adjustment disorder(8%) [30] . The current study revealed another aspect of psychiatric issues associated with PNES. However, cultural diversity and variability in psychiatric evaluation in children may be responsible for these diverse findings. Appropriately designed studies with adequate sample size are required to delineate significantly associated psychiatric co morbidities. Behavioural problems have not been frequently reported in children with PNEE. In a study by Patel et al, temper tantrums and aggressive behaviour were seen in 6.7% of patients [10] . In the present study, most children with PNES had associated somatic complaints in borderline range (45%) as well as clinical range (6.2%), without any significant difference between urban and rural settings (p = .6). Somatic complaints have also been reported significantly in previous studies in subjects with PNES and non syncopal psychogenic collapse [31] [32] [33] .
The strengths of the current study include a comprehensive study with a comparatively large sample size done only on pure PNES population after excluding patients with co existing epilepsy. Besides semiological types, an attempt was made to identify common stressors and co morbidities associated with PNES. These need to be addressed for therapeutic and rehabilitative purposes. Association between stressors and semiological categories was looked into.
The limitations of the current study include the fact that this is a cross sectional study. Patients were recruited from a tertiary care centre and hence may not reflect the disease characteristics at community level. Although screening for psychiatric disorders was done, detailed psychiatric evaluation was not planned as a part of the study. This study was based on short duration Video EEG because of its time bound nature and logistic issues. Although, under ideal circumstances, long term video EEG is recommended for these patients, there are varying diagnostic practices which are followed worldwide, with only 49% paediatricians) using vEEG frequently as part of their diagnostic evaluation [4] . This study highlights the importance of short term video EEG along with induction techniques, for diagnosis of PNES in resource limited setting. Desai et al reported that short term vEEG with verbal suggestion is a cost effective test for diagnosis of PNES and can be a good modality in patients with transient abnormalities in sensorium in the outpatient settings in developing countries [34] .
To conclude, the current study highlights the fact that PNEE is a common but frequently missed entity in the pediatric age group. A substantial proportion is falsely diagnosed as epilepsy and started on AEDs. More than 90% of PNES are inducible with simple methods like tuning fork method and verbal suggestion which might help in early diagnosis of this entity in resource constrained settings where long term video EEG may not be feasible. Detailed assessment for underlying psychological stressors and associated psychiatric comorbidities is obligatory for appropriate and holistic management in these children.
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